Aim: To evaluate the influence of plaster condition, dry or not, on the amount of residual monomer in heat-cured acrylic resin. Methods: Thirty acrylic resin specimens (65x10x3 mm) were fabricated and randomly assigned to 5 groups (n=6). The evaluated resins were heat-cured acrylic resins by conventional or microwave polymerization techniques and the plaster was previously dried in microwave oven in two groups. Each specimen was individually immersed in a test tube containing methanol (7 days) for surface analysis. In the groups for which internal monomer was evaluated, the specimens were fragmented and the small fragments were weighed prior to immersion in methanol. The analysis was made by high performance liquid chromatography (HPLC). Data were analyzed by ANOVA and Tukey test (p<5%) Results: showed statistical differences among the groups. Conclusions: The previous plaster drying influenced the residual monomer amount showing a decrease of these levels.
Introduction
Several materials have been consolidated due to their broad use in several areas of dentistry 1 . Acrylic resin is one of the most typical examples, which since the 1940's has been established as the material of choice in the preparation of prosthetic works, such as complete and partial removable dentures 2 . Advantages such as biocompatibility, no taste and odor, adequate thermal properties, dimensional stability, and simple technique are prevalent in these indications [3] [4] . Although its extensive use has established defined criteria concerning its polymerization, especially in the case of hot water bath, some questions persist regarding the procedure for triggering the polymerization by microwave energy and the effects on the properties of the final product. Ilbay et al. 5 (1994) , focusing on the mechanism of action of microwave energy, described that it causes the vibration of water molecules in a substance two to three billion times per second and that it produces friction that results in the heating of substance. Those authors demonstrated that microwaves cause the molecules of the acrylic resin (monomer) to vibrate with higher frequency, creating friction and the heat that triggers the polymerization 5 . Studies on the heating of the monomer molecules that determine the formation of polymer chains by microwaves do not explain whether this process is incremented or not by heating the water contained in the plaster 3, 5 Table 1 -Groups set based on the type of resin, plaster and condition of polymerization cycle that when the monomer's boiling temperature (100.8°C) is reached, there is formation of pores in the resin, which is more easily achieved when the heat generated by the resin cannot be released. Verifying the factor related to the condition of plaster, studies have proposed to see how different types of plaster behave when submitted to drying in a microwave oven 4,7-8 . Luebke and Chan 8 (1985) reported an increase in surface hardness in some of the tested dental plasters when microwave drying was performed. Berg et al. 9 (2007) assessed the degree of disinfection of dental casts by means of microwave, and noticed that performing a cycle of 5 min at 900W resulted in an effective disinfecting of these models without dimensional changes or macroscopic defects.
One of the points of major importance in the study of acrylic resins lies on analyzing the amount of monomer present in the polymerized material, which is not converted during the resin processing and can determine tissue damage, such as irritations or allergic reactions in oral tissues, and also cause undesirable changes in the mechanical properties of the material 10 . According to international standards, the content of monomer should not exceed 2.2% for heat-cured resin
11
. Urban et al. 12 (2007) compared the effect of the amount of residual monomer when acrylic resin was subjected to post-polymerization by immersion in hot water bath and found similar reduced values of residual monomer for conventional or microwaving techniques.
It is questionable if the water contained in the plaster would influence in the resin process because in the conventional process the heat reaches the mass of resin indirectly, requiring first to heat the flask and the cast. Using microwave a dry plaster provides a more effective degree of polymerization. Then, the objective of this research was to determine whether previous plaster drying when polymerized by microwaves affects the superficial and internal amount of monomer.
Material and methods

Preparation of specimens
Two types of acrylic resins, one heat-cured in water bath (Lucitone 550; Dentsply Ind. Com Ltda, Petrópolis, RJ Brazil) and the other cured by microwave (VIPI-WAVE; Dental-Vipi Ltda., Pirassununga, SP, Brazil) were used in this study.
Rectangular stainless steel bars (12.6X67.0x3.0 mm) with sharp edges was included in fiberglass reinforced microwave flask (VIPI-STG; Dental-Vipi Ltda.), which was also used in the hot water bath in the conventional technique of acrylic resin polymerization. The process was initiated by embedding the base of the flask in freshly hand-mixed type II plaster (Plaster-Rio; Bussioli ME, Rio Claro, SP, Brazil) and then a condensation silicone (VIPI-SIL; Dental-Vipi Ltda.) was applied around the metallic bars and proceeded to fill the flask with a new quantity of plaster.
Five groups (Table 1) were formed according to type of acrylic resin, plaster drying and polymerization and, after 1h, the metallic bars were removed and the acrylic resin was prepared according to the manufacturer's recommendations and placed in the flask when reached the plastic phase. After that, the flask was kept closed for 30 min under pressure, for all groups.
For the control group the polymerization process was undertaken using a long cycle in water bath when the flasks were positioned in cool water, then taken to 72ºC for 9 h and next the temperature was increased to 100ºC for 1 hour.
Groups 1A, 2A, 1B, 2B, in which the proposal was the previous drying of plaster, the methodology described by Hersek et al. 13 (2002) was used proceeding the drying in a microwave oven for 10 min at 600 W, where parts of the flask were kept separate during the cycle.
After this cycle, flasks were left at room temperature for 1 h until complete cooling was reached. The flask parts were kept open and were stored in an oven at 37 o C for 2 hours for drying and then the polymerization method was established.
For the microwave polymerization a Continental AW-30 microwave oven (BS Continental Amazonia Ind. e Com., Manaus, AM, Brazil) was used with a turntable plate, frequency of 2450 MHz and maximum power of 900 W, and the cycle was to maintain 20% of the device power for 20 min, followed by an additional cycle at 60% of the power for another 5 min.
Completing the polymerization cycles proposed for each group, the flask was kept for about 2 h at room temperature until complete cooling.
Analysis of residual monomer
For the analysis of the surface residual monomer, glass test tubes with lids were filled with 20 mL of methyl alcohol PA -methanol. One specimen was immersed in each of the tubes and was kept in this condition at approximately 2°C for 7 days. After this period, the specimens were removed from test tubes and the residual monomer in the solvent was quantified.
High Performance Liquid Chromatography (HPLC) was used with a chromatographer LS 10 AD (Dionex Corporation, Sunnyvale, CA, USA), column RP-18 250 mm long by 2.5 mm diameter, attached to a detector UV-VIS (Dionex Corporation), at a wavelength of 225 nm. Calibration curve for the pure monomer (liquid) was determined from each of the tested resins. Regarding the analysis of groups, just as for the preparation of the calibration curve, from each test tube it was withdrawn an aliquot of 20 µL. The area was identified numerically and for each monomer concentration three samples were injected and the average value of these areas was calculated.
With the average value of the areas for all checked
Influence of plaster drying on the amount of residual monomer in heat-cured acrylic resins dilutions (Chromeleon version 6.70 (Chromeleon Inc., Sunnyvale, CA, USA) program did the mathematical calculation and rendered the area number for the unit of measurement in µg/mL. Calculation of values for each sample was divided by this constant measure of surface area, which allowed obtaining results in µg/cm 2 ( Figure 1 ). For the analysis of the internal monomer the polymerized material was reduced to small particles, to enable greater contact of the substance and solvent (methanol). Specimens previously weighed as described above (n=3) were targeted without warming the material during this process. The mass of the particulate material was recorded on a digital precision scale and the results varied from 0.540 mg to 0.650 mg. This was put into test tubes with lids, containing methanol, similar to that described for the analysis of residual monomer surface. After 7 days the particulate material was removed from the solvent and the monomer quantified.
The figures were compiled, distributed and assessed comparatively by one-way ANOVA and Tukey's test at 5% significance level (Statistic for Windows program, StatSoft South America, São Caetano do Sul, SP, Brazil).
Results
There were statistically significant differences among groups (p<0.05), with group 3 (control) showing the lowest levels of residual surface monomer (Table 2 ), but no significant was found among the other groups.
Among the studied groups, one that showed higher values of surface monomer was group 2A (Vipi-Wave) in the microwave cycle set by the manufacturer. The chart in Figure  2 illustrates average values for the surface monomer.
The results for the internal monomer showed statistically significant difference (p<0.05) only between group 2A and the other groups, with 2A showing the highest values.
The values and averages of groups, including Tukey test results, are shown in Tables 3 and 4 and Figure 3 .
Total values in ìg of the percentages in each internal monomer of all groups are shown in Table 5 .
Discussion
Several studies have been focusing on this analysis by considering the influence of aspects such as methods and polymerization cycles and also storage time of the polymerized material [14] [15] . Another point discussed in literature involves tissue behavior in excessive amounts of free monomer and in the oral environment, which explain irritation of smaller proportions and the existence of severe hypersensitivity reactions to this product 16 . Based on the idea of De Clerck 6 (1987) who claimed that it is relevant for effective polymerization that during a microwave polymerization cycle the plaster contained in the flask is rather dry, it was considered important to analyze the possible effects of it in the final outcome of work, focusing on assessing the amount of residual monomer.
It is known that the microwave enables the vibration of molecules of liquids, mainly water 17 . According to Nishii
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(1968), the monomer molecules present in the mass of the resin are agitated by the electromagnetic wave generated by the device, and the friction of these molecules would promote the release of heat required to trigger the conversion of monomer and forming polymer, hence, new polymer chains [5] [6] .
There was a decrease in the quantity of surface monomer, when the plaster was dried prior to resin pressing. Both resins, one formulated for microwave use and the other for Table 5 -Total values in µg of the percentages in each internal monomer samples conventional water bath, were used in the microwave oven.
In this sense, it may be hypothesized that for microwave processing the amount of water plaster does not aid in the polymerization process. On the contrary, it interferes partially with the polymerization, probably "absorbing" a part of the electromagnetic energy, which act on the molecules of the monomer, confirming the indicative data of De Clerck 6 (1987). The importance of quantifying the monomer by HPLC chromatography lies in the possibility of accurately verifying differences in these quantities, even though, from the clinical point of view, for the type of used materials, the values obtained are within acceptable standards for use of acrylic resin. Several authors used this approach and found similar results 19 . Other aspects are relevant in this analysis, which proved the possibility of microwave polymerization of a conventional heatcured resin, presenting similar monomer values to those found for the resin formulated for microwave when the plaster was dry. These data corroborate with the studies of Lombardo et al. 20 (2012) which confirmed the possibility of polymerizing in microwave a conventional heat-cured resin, such as Lucitone 550.
For the analysis of internal monomer, the variation of individual values of the samples was higher than the quantification of the surface monomer. This may possibly be explained by the larger number of different segments of the resin which were immersed in methanol and resulting in a greater heterogeneity of surface areas in contact with the solvent.
The control group had lower levels of residual monomer than the groups polymerized by microwave. Other works presented a similarity of concentrations for water bath cycles and microwave; although when considering the time factor, the microwave cycle proposed by the manufacturer of Vipi Wave resin and applied to the other groups, it was a total of 25 min and did not present greater values of residual monomer than the control group, which used the long cycle in warm water for a total of 13 h. These data agree with the results obtained by Urban et al. 12 (2007), Jorge et al. 21 (2003), Zissis et al. 22 (2008) , who found low levels of residual monomer for heat-cured resins regardless of the polymerization method.
Another important and justified concern is about the relationship between the setting time and power for better polymerization. Same researchers agree on the fact that starting a microwave cycle with lower power and longer time and ending it with increased power and decreased time, the polymerization becomes more effective 17 . Data obtained in this study showed variations that may be an indication of possible changes in the characteristics of the material when considering increases in the thickness of acrylic resin, because it is known that there is a correlation between degree of polymerization and amount of free monomer on the mechanical properties, such as hardness, transverse resistance and roughness 17 . Therefore, other studies are required involving plaster drying, in order to verify whether there is variation in the behavior of the resin when considering other properties, such as flexural strength, porosity, dimensional stability, toughness and other mechanical characteristics.
It is possible to conclude that: plaster drying prior to the resin polymerization resulted in a decreased amount of monomer, regardless of acrylic resin brand tested; regarding the amount of internal residual monomer, plaster drying caused a significant decrease of these values for the groups of Vipi-Wave resin; the conventional polymerization of acrylic resin in hot water bath (control group) determined the lowest levels of surface residual monomer; the polymerization of the resin Lucitone in microwave was feasible, presenting low levels of surface and internal residual monomer, a fact that corroborates the use of microwave cycle for this resin as a reliable alternative to polymerization. 
